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ISD-7 cinematographer Rob Gordon, as- 
signed to record events a t  Cape Parry on movie 
film, also brought along a still camera in hopes 
of grabbing a few shots for The Atom. So 
bitter was the cold that ice formed on a heat 
lamp (above). Once outside, Gordon could not 
adjust focus, shutter speed, or lens stop: these 
mechanisms froze in a matter of seconds. Sev- 
eral rolls of film, made brittle by the cold, 
shattered in the camera. 

Outdoor light was abominable, equivalent 
to that of a murky dawn. Gordon shot a t  1/30 
second at f/1.8 and pushed Tri-X film develop- 
ment to an exposure index of 2000-drastic 
measures normally reserved for shooting such 
scenes as a candlelight service in a darkened 
church. 

'That Gordon obtained any usable photos at 
all is a triumph. That he succeeded in bringing 
back so many of high pictorial quality is mira- 
culous. 

And as T h e  Atom went to press, excellent 
photos taken by Brook Sandford, J-10, at the 
Kesolute Bay optical station came in. Hastily, 
layouts wcre revised to acconiodate 2 of them, 
adding a broader dimension to the story. 



ATTN: R. R. BROWNLEE, J-DO. THE 
COMMAND POST OF OPERATION 
TORDO PRESENTS ITS COMPLIMENTS 
TO THE DIVISION OFFICE OF THE 
TEST DIVISION AND HAS THE 
HONOUR TO REFER TO THE DIVISION 
OFFICE’S TWX OF 2 JAN AND THIS 

ING THE STATUS OF OPERATION 
TORDO. THE TCP (Tordo Command 

TUNITY TO PRESENT THE FOLLOWING 
STATUS REPORTS FOR 4 JAN AND 5 
JAN AND LOOKS FORWARD TO 
CONTINUING COMMUNICATIONS OF 
THIS NATURE. 

OFFICE’S TWX OF 3 JAN CONCERN- 

Post) IS GRATEFUL FOR THIS OPPOR- 

Witli such courtly, tongue-in- 
cliccli salutation did LASL project 
cotlircctors Rob Jcffrics and Bill 
Roach, both J-10, and Jim Wells, 
J-1, opcrations ofliccr, begin coin- 
munication on January 5 bct.ween 
the ‘l’ortlo Coiniiiantl Post at Fort 
Wainwriglii, a U.S. Army base near 
Fairl)ariks, Alaska, and the J-Divi- 
sion office in Los Alainos on thc 
cvc of the historic Operation ‘I’ordo 
first roclict lannch. 

Ol)cmtioii ‘l‘ordo was 2 lnrium 
I h s i n a  probcs ol’ thc northcrn mag- 
nctosplieric clcl‘t conducted by the 
Los Marno:; Scientific Laboratory, 
the University or Alaska Gcophys- 
ical Institute, and Sandia Labora- 
torics, Albuqucrquc, with tcchnical 

Work at the launch site was impeded 
by extreme cold and winds. Above 
left, the launcher is readied. Lower 
left, a tarpaulin is placed over equip- 
ment after high winds blew away the 
original cover. Right, a launch usually 
results in some disarray. Repairs are 
made after the first launch in prepara- 
tion for the second. 
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services by EG&G, General Dynam- 
ics, REECo, Telcom, Inc., and 
other companies. The Canadian 
and Danish governments provided 
essential cooperation and bases, and 
the US.  Air Force provided ground 
lacilities and 2 USAF/Atomic En- 
ergy Commission NC-135 aircraft 
with their crews. 

Barium plasma injections are a 
familiar research technique at 
LASL, which has been a major 
participant with the University of 
Alaska in such probes since 1971 
and has contributed much to the 
state of the art. A rocket is launched 
to a desired altitude (in the case of 
Operation Tordo, to approximately 
500 kilometers), its course is ad- 
justed to one parallel to magnetic 
lines of force, and a shaped-explo- 
sive charge ejects barium at a velo- 
city of about 14 kilometers per 
second along the trajectory. Solar 
radiation ionizes the barium, which 
then glows, and the cloud elon- 
gates to a streak that follows 
magnetic lines of force. The be- 
havior of the barium jet racing 
across the sky reveals much about 
the magnetosphere and the effects 
upon it caused by the solar wind. 

More than 70 scientific and tech- 
nical personnel were deployed at 
stations in the U.S.A., Canada, and 
Greenland at the beginning of field 
operations on December 27, 1974, 
to conduct 2 probes: Tordo Uno 
(one) and Tordo Dos (two). A 

rocket launch site and ionosonde 
station were established at Cape 
Parry and an ionosonde station at 
Sachs Harbor. Both are in Canada’s 
Northwest Territories about 200 
kilometers apart on the shores of 
the Arctic Ocean. Ionosondes are 
radar-like devices used to locate 
the layers of the ionosphere. 
Sudden and substantial changes 
indicate the boundaries of the cleft. 

Optical stations were set up at 
Kcsolute Bay in the Northwest Ter- 
ritories, and at Thule, Greenland. 
The 2 diagnostic aircraft, heavily 
laden with optical equipment, were 
stationed at Eielson Air Force Base, 
Alaska, and Sawyer Air Farce Base, 
Michigan. An international team, 
representing several European re- 
search institutions, in Greenland to 

John Wolcott, J-10 and scientific commander aboard Mike 06, 
examines a battery of standard, image-intensification, and 
image-orthicon cameras aboard the NC-135. Cameras are 
mounted behind oversize windows visible in the forward section 
of the aircraft, below. Photos were taken at  Kirtland Air Force 
Base at  briefing and before practice flight an Dec. 12. 

- ,,,I, 

Bill Roach and Bob Jeffries, both J-10, and Jim Wells, J-1, call 
the shots from the Tordo Command Post at  Fort Wainwright, 
Alaska. An extensive communications network connected the TCP 
to 4 ground stations, 2 aircraft and their AF bases, and LOS 
Alamos, Albuquerque, and the Nevada Test Site. 
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‘Telemetry antennas are readied for iheir task of cdlecting data from soft particle spectrometers and other 
instruments in the rocket payload. The spectrometors proved valuable in determining the rocket‘s position in 
respect to the magnetospheric deb. 

conduct magnetospheric experi- 
rnents ol their own, was preparid to 
participate in olwrvations. 

And what wnr the object of in- 
terest io  this expc(lition? It was the 
rnagnetospheric cleft, i t r i  iiivisiblc 
funnc.1 extending into space ovcr 
the polar region:,. Closer to tlic 
carth’s sui face, it mcandcrs ,tbout 
tlic Arc tic legion where imagptic 
lines of forcc curve (lowxiwad LO- 
ward die earth’:, inagnctic axis. 
Plasnia [lorn tlic solar wind (oiiies 
pourring down thc clefl-one 01 two 
place5 in the world wheie tlic solar 
wiiid may penetrdte the emtli’s m n g -  
tietic shicld (thc other bring tlic 
rorrc~ponding rleEt near the earth’s 
south magnctiL pole). The Arctic 
clelt iriay bc compdrecl roughly to 
the vulnerable spot on tlic ~ough 
pecl 01 an orange where the stein 
used to bc. 

The cleft is located in the sunlil 
poi tion of thc auroral oval, that 
region in tlic lar north which, in 
darkncss, is thc home oi tlie fanirtl 
Northern Lights. Ancient pcol)le5 
viewed tlie Northern Lights, with 
awe: Eqkimos ctil l  consider if ;I 

p o d  time to make love. 
Iiut inodrin mail views tlie 

niagit‘t0~1’1ieric clclt with less 
i orriantic interest. Somewhat supcr- 
f i c  ially studied only sincc about 4 
years ago, unclcrstaritling it better 
will fill gaps in our knowlcdge or 
thr inagnctosphcic i lnd its intei- 
n c  Lions with {lie solar wind. l ’he 
cvcr-changing condition or the 
iii;cgnetosplicrc. proloundly aflects 
long-distarice t d i o  communication 
and possibly influences global 
wcatlier pattrrns. 

Bcr amc o f  the magnetosphere’s 
inipor t m c e ,  the Intcinational 
I\/lagIieiosphcri( Study, a two-year 
eflort to study tlic magneiosphcre 
involving 40 countries, will begin 
in 1976. Operation Tordo was, in 
rftcct, ii prec ursoi ol this project, 
itnd findings rrom Opcration Tordo 
will be useful in planning this up- 
corning worklwidc prograin. 

It the rlclt wctc a stationary fix- 
ture iii tlic earth’s magnrtic and 
solar-radiat ioii cnvironmcnt, study- 
iiig it would lit. relatively simple. 
Inslcncl, likc it bcach ball ailoat on a 
lake, subject to the whims ol brcczer: 

and currents, its inovcinerits arc 
never precisely picdictablc. Tlic 
rotation ol thc cartli and icsulting 
position ot thc inagiictic polcs, the 
position of the carili rclative to tlic 
sun in the solar inagiletic ficld, tlic 
intcusity and cliaracleristics ol the 
solar wind, and other I;tctors, cause 
it to wantlcr. Its path may be prc- 
dictctl in a .  gcneral way, but pin- 
p i n ~ i i i g  this moving targct at tlie 
time or the lauiicli-which must be 
at ccitain hours on certain d a t a  so 
tliat sunliglit will ioni1c the barium 
at  high altitude wliilc ground obscr- 
vation stations are shaded in a 
moonless carth shadow (so that the 
glowing barium may bc observed)- 
is tricky business. 

Compounding the problcm is thc 
necessity o f  ordering diagnostic 
aircrait aloCt some 2% to 3% hours 
in advancc ol the launch and timing 
the launches thcniselves so that the 
rockets, in relation to the moving 
cleft, will be at  the right placc a t  
the right tiinc to eject barium on a 
patti closcly parallel to the mag- 
netir lincs of force ncar thc cleft’s 
boundary. 
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Morris Goebel, Sandia, works on final assembly of the Black Brant rocket, left, and checks barium cone 
damaged by cold. It was replaced by a new cone. It was later decided that damage would not adversely 
affect performance and the cone was used in the second launch. 

Add to that the rigors of con- 
ducting the project in the midst of 
the harsh Arctic winter and the 
whole operation becomes immense- 
ly more difficult. The January 4 
communique from Fort Wain- 
wright, continuing in a less flowery 
style, gives some idea of the prob- 
lems Opcration Tordo encountered 
during the hectic days of prepara- 
tion for the Tordo Uno launch. 

THE BLACK BRANT ROCKET 
SCHEDULED FOR LAUNCH THIS DATE 
WAS DELAYED 24 HOURS UNTIL 5 
JAN DUE TO CONTINUING REPER- 
CUSSIONS FROM THE WIND DAM- 
AGE WHICH OCCURRED AT THE 
LAUNCH FACILITY ON 31 DEC 
1974. HEATER DUCTING TO THE 
LAUNCHER AREA WAS DAMAGED 
AS WAS THE PLENUM CHAMBER AT 
THE HEATER UNIT. REPAIRS ARE 
UNDER WAY. THE PROSPECT FOR A 
LAUNCH ON 5 JAN IS CONSIDERED 
TO BE QUOTE POSSIBLE IF ONE 
HAS GUARDED FAITH UNQUOTE. 

These words fail to picture the 
scene in all its grim dimcnsions: 
Arctic weather so numbing that the 
Sandia rocket experts were pre- 
vented from reaching the launch 
scene for 12 hours because of a 
whiteout; when they finally reached 

the site, they could work but 5 
minutes at a time before returning 
to their heatcd bus to warm up. I t  
took more than 4 days of concen- 
trated effort to repair damages that 
occurrcd when unexpected 60 knot 
winds blew off the rocket cover. 

The severe cold raised havoc with 
cameras, various other equipment, 
and one of the NC-135 aircraft it- 
self. T w o  windows of Mike 06 
cracked because of extreme tem- 
peratures; replacing them contri- 
buted to delays. Mike 06 was the 
radio call sign for the NC-135 sta- 
tioned at Eiclson AFB in Alaska. 
John Wolcott, J-16, was assigned to 
i t  as its scientific commander. 

Dry runs were scheduled and 
then scrubbed for December 30 and 
3 1 due to weather, rocket, and plane 
problems. Finally, on January 1, a 
dry run was hcld with Mike 06 
operative, but with the launch facil- 
i t y  a t  Camp Parry unable to partici- 
pate. Once aloft, however, Mike 06 
developed a malfunction in its in- 
strument system. The Command 
Post reported: 

Now began preparations for the 
live event, but weather hampered 
rcpairs, especially at the launch site. 
A TWX received at LASL on Jan- 
uary 4 concluded: 

WEATHER CONDITIONS AT CAPE 
PARRY ON 2 JAN WERE STILL SUF- 

ING AT THE LAUNCH SITE SO THAT 
A LAUNCH ON 3 JAN WOULD BE 
IMPOSSIBLE. TEMPERATURE AT PAR- 
RY MINUS 30°C, WINDS 25-35 
KNOTS, BLOWING SNOW. VERY 
PROBABLE THAT IONOSONDE 
PEOPLE WOULD NOT BE ABLE TO 
GET TO THEIR WORK LOCATION. 
UNDER THESE CONDITIONS, FIRST 
POSSIBLE LAUNCH WAS DELAYED 
FROM 3 JAN TO 4 JAN. 

FICIENTLY BAD TO PRECLUDE WORK- 

And a subsequent TWX received 
the same day reported: 

CONDITIONS AT CAPE PARRY ARE 
UNBEARABLE . . . FIRST POSSIBLE 
LAUNCH WAS THEREFORE MOVED 
TO 5 JAN WITH A FIRST POSSIBLE 
EVENT TIME OF 4:33 P.M. (Los Alamos 
time). 

HAD IT BEEN A LIVE RUN WITH Nevertheless, morale remained 
MIKE 06 AND LAUNCH CONDITIONS sufficiently high for thc Command 
IN A GO STATE, A ROCKET WOULD Post to send condolences to their 
HAVE BEEN LAUNCHED WITH HIGH friends in Los Alamos who were 
PROBABILITY OF HAVING A SUCCESS- having weather problems of their 
FUL EXPERIMENT. own: 
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Exliavsttd by their cffortr to repair a rocket dairnaged by wind and cold, 2 members of the Cape Parry team, 
left, cutiiap as best they can. Tho tensioir of tho countdown is  reflected in the face of Hal Fishbine, J-10, right, 
who wu'; responsible for I.tw sof t  particle spcctroruietcrs aboard the rockd. 

'I'CP AND O l ~ l i E R  DEPLOYID TOR- 
DOITES EXTEND SINCERE SYIUIPATtiY 

AND SNOWY WEA'IHEIZ NOW I'RE- 
SEN1 IN LAND OF ENCHANI'MENT. 

TO NEW MEXICANS FOR THE cOLn 

- r i i E  mmo STAFI: EXTENDS -ri- im 

TIC)N KIR 'rtiE CONTINUING INTER- 
Es-r AND MORAI. suPPOtu PRO- 

'rc) CARRY FORWARD 'THE I~ANNEI? 

COLL.ECTIVi7 WARM REGARDS AND 
WISH TO EXPRE-SS T H E I R  AI'PRECIA- 

VItDED BY YOUR OFFICES. BE AS- 
SUREE WF WILL DO OUR LITMOST 

UI: SCIENCfi IN A MANNER CON- 

TRADIIIONS Of' THOSE WHO HAVE 
S I UEN1- W IT 1-1 '1 I i  E TIME.. t i  0 NO U R E D 

I'RECtiD13D LIS. 

JUIJILATIC3N REIGNS . . . PARTI- 
ClE I LUXES SIJCGIS' EVENT WAS 
IN lPOLF.WARD EDGE OF: CLEFT , . . 
IJOCiITION O F  IWNT ESTIMATED TO 
BE l.[:SS THAN 1 DIIGIZEE OFT: IN 
BOT- l  AZIMIJTH AND ELEVATION. 

SI'RIATIONS APPEARED AT 1 MIN- 

WAS STRIA'IFD FOR THE REMAINDER 
01' 1liE DATA TAKING. INTERESTING 
013!~LRVA'I'ION AT 1 MINIJTE 54 

Sl-REAK APPIN?fD TO BE OVER- 
TAKEN BY FAINI'EK, I-IIGH VELOCITY 
STREAK. V\ItIEN THE 2 STREAKS 
JC)INFD, L3CYII--I DECREASED IN IN- 

UI'E F:oI.L.OVVING EVENT . . .STREAK 

SKONDS AI'TfiIZ EVENT: HEAD OF 

-1-E NS KY.  

h c l  ill i lutcrs, Smdia's scientific 
(:onirtiandcr aboard Mikc 07 (lhe 
otlic~r N<:-l35 h s e d  at  Sawyer 
Al%), rcporled t h a ~  Iic belicved the 
strcali wiis  txightcr th;in cxpcctccl. 
r171ic only iria,jor dis;ippointnicrit 01 
thc cvcnt was 11ic news that the ob- 
scrvai ion station in ' l'hulc, Grccn- 
land, was unalilc to obscrve the 
l)iiriuni. strcali  I~ecausc o l  heavy 
siiow a i d  ovcrcast. 

Irvcri 21s thc field lorcc con~.inrrctl 
analyzing rcsults ol tlic ,January G 
l ; i I I 1 d i ,  pl-cl>;tritI,ions began lor 
'1 '01-(lo I h s ,  the scc:ond probc, tar- 
gctcd 1io1)~l'ully lor January 9. Mike 
O i i  continucci 10 cxpcricince difiicul- 
tics -;inoi.licr broken window and ;t 
Iiydrarilic: sysicin 1)roblcin. 'I'iic ar- 
rival and  tlcpitrture 0 1  I A S I ,  per- 
so1111cl thc autliors ol I 'WX 
coinniiiiiic~ues opprtunitics lor 
crcativc cxprcssion: 

FATHER CAMPBELL (Bob Campbell, 
J -D ivision associate leader) ARRlV ED 
EVENING OF 7 JAN, BLESSED NA- 
TIVES, AND DIVLDER (John Hopkins, 
J-Division leader who tiad arrivcd on 
3 Jan) DEPARTS THIS AFTERNOON 
FOR 'I'ROPIC LATITUDES. , . . 

Wc;itlirr wii\ now tlic cliici ini- 
pcdinicnt to ilic \ccontl launch, the 
larinth site rcporting shcar winds 
at  2,000 l ce t  with a prediction tliat 
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Left: Cape Parry-a home away from home. Right: Bulbous pantaloons of Arctic wear distort the otherwise 
trim figure of Bob Campbell, J-Division associate leader, who flew to Cape Parry for the second launch. 

these would persist through January 
10. In  the meantime, the ground 
crew of Mike 06 was beginning to 
believe that Arctic gremlins had in- 
fested the aircraft. Repairs had 
been made on the window and 
hydraulic system; now an alter- 
nator malfunctioned. This caused 
no delay as repairs were made while 
waiting for the weather to clear. 
At the Command Post, thc weather 
was reported as improving: 

TEMPERATURES MINUS 35 DE- 
GREES C, WINDS CALM, ICE FOG 
THINNING. SPRING PLANTING WILL 
PROCEED IF THIS PLEASANT 
WEATHER CONTINUES. 

Things began improving else- 
where, too, except at Thule, which 
continued to be bedeviled by snow 
and overcast. On January 10, the 
shear winds began to dissipate and 
winds were diminishing. 

As TCP approached the time for 
i t  to make its go-no go decision, a 
growing feeling of optimism per- 
vaded the room. 

OUR SPIRITS BUOYED BY TWO 
BIRDS IN THE AIR (the 2 aircraft) AND 
TWO EYES ON THE GROUND (the 2 
optical observation stations) . . . ALL 
MAGNETIC INDICATORS SUGGEST A 
FAVORABLE CLEFT POSITION. FATHER 
(Campbell) HAS DELAYED HIS DE- 
PARTURE UNTIL 1 1  JAN IN ORDER TO 
EXPERIENCE FIRST HAND THE SMELL 

OF THE GREASE PAINT AND ROAR OF 
THE CROWD. 

The Command Post made its 
decision: go. Mike 06, still jinxed 
by instrument and hydraulic prob- 
lems, had bcen 37 minutes late in 
taking off, but had made up the de- 
ficit to arrive on station in time. 
The skies cleared at Thule to allow 
observations. The launch occurred 
at 5:25  p.m. Los Alamos time. 

T W X  communication ceased 
prior to the launch, but Jeffries and 
Roach, who returned to LASL the 
following clay, sent a final report to 
the Atomic Energy Commission: 

THE TORDO COMMAND POST 
(TCP), NOW LOCATED THIRTY DE- 
GREES FARTHER SOUTH IN LATI- 
TUDE WITH TEMPERATURES SOME 

MITS THIS EIGHTH AND FINAL 
STATUS REPORT. 

OPERATION TORDO TOTALLY 

GRAMMAT IC OBJECTIVES. BOTH 
ROCKETS FLEW, BOTH PAYLOADS 
FUNCTIONED FLAWLESSLY, EVERY 

TION ON TIME AND GO, EVERY 
CAMERA PULLED WELL-FOCUSED 
AND WELL-EXPOSED FILM, EVERY 
TV SCANNED THE SKIES, EVERY 
RADIO PERFORMED, EVERY HOT 
LINE TELEPHONE GOT IMMEDIATE 
RESPONSE, AND BOTH SOUNDERS 

SIXTY DEGREES C WARMER, TRANS- 

ACHIEVED ITS SCIENTIFIC AND PRO- 

AIRCRAFT MISSION WAS ON STA- 

CONTINUOUSLY PROBED THE IONO- 
SPHERE. ALL IN PROBABLY THE MOST 
ADVERSE WORKING CONDITIONS 

JECTED INTO THE MAGNETOSPHERIC 
CLEFT O N  TWO OCCASIONS, TORDO 
UNO INTO THE POLEWARD EDGE 

POSSIBLE. BARIUM PLASMA WAS IN- 

AND TORDO DOS INTO THE EQUA- 
TORWARD SECTOR. PLASMA CON- 
VECTION WAS SIGNIFICANTLY DIF- 
FERENT IN THE TWO EXPERIMENTS. 
OPTICAL DATA ARE EXTENSIVE AND 
COMPLETE. NEW TECHNIQUES FOR 
EVALUATING THE LEVEL OF DIS- 
TURBANCE OF THE MAGNETO- 
SPHERE IN REAL TIME WERE DE- 
VELOPED AND UTILIZED. THE SOFT 

FORMED WITHOUT FAULT ON BOTH 
FLIGHTS. 

THE TCP IS TRULY IMPRESSED WITH 
THE RESULTS WHICH REFLECT THE 
HARD WORK AND GOOD PLANNING 

ATORS. THE PERFORMANCE OF THE 
SANDIA ROCKETEERS AT CAPE 
PARRY WAS SUPERB. 

The  report concludes with one 
of the more remarkable under- 
statements recorded in the annals 
of LASL: 

PARTICLE SPECTROMETERS PER- 

OF THE EXPERIMENTERS AND OPER- 

MEN AND MACHINES DO NOT 

TREMELY COLD CONDITIONS AS 
THEY DO IN MORE TEMPERATE 
CLIMATES. 

FUNCTION AS WELL UNDER EX- 
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Photos selecietl horn hundreds taken of both events frotn 
the  2 NC-135 aircraft show Imriurn injected at trn alt i i ide 
of more than 1306 kilometers. The left ph5t5, takers 5 
seconds after injection, shows tho high-vclor ity jct (top) 
separutirig f rom the rdai ively stationary rr+he of bot i i m  

remaining in the deposition area. The center photo, taken 
2 tniriutes 45 seconds after injettion, shows ihc sligh!ly 

striated jet following magnetic field lines. The right photo, 
takcn 6 minutes 5 seconds after injection, shows the well 
defined striations of the barium cloud in the deposition 
urea. Striations, caused by  the interaction of the charged 
particles and the electromagnetic field, appear in both 
the iet and the cloud in the deposition area. 

Ctrscy Stevens, J IO,, clears For George Berringer, National Research Council of Me1 Duran, J-’IO, and station 
ice cind snow from the Canada and range safety officer, John Eckhart, Sandia scientist u t  Resolute Bay, re- 
trcr tispareti t optical dome, tesb director, and Jim Ihvis, Sandic-r test conductor, the ports results following the 
within which canit vu5 tire first launch. Success made it 
tnounted, ut ths Resolute all worthwhile. 
Ikuy optical station. 

hours were long, the derisions difficult, thc outcome un- 
eettclin rrt the Cupo Parry launch site. In the end, both 
luunchcs were succcs,fuI. 



short cut to  fusion power? 

Of all the exotic alternatives offered as solu- 
tions to our energy problems, perhaps one that 
holds a great deal of promise for relieving the 
crunch quickly is the use of thermonuclear ex- 
plosives. 

Stop and consider: three decades ago, scientists 
at the Los Alamos Scientific Laboratory built the 
first atomic weapons by using the newly dis- 
covered technique of splitting the atom to achieve 
a fission chain reaction. But the research didn’t 
stop there. Now the world has nuclear reactors 
which, despite some controversy, are producing 
about 5 per cent of America’s electric power. They 
will probably be producing 20 per cent of that 
power by the end of this century, and their over- 
all safety record is excellent. 

Intrigued by the enormous nuclear furnace, 
the sun, and its abundant outpouring of energy, 
LASL scientists perfected the process of fusion 
and achieved an efficient thermonuclear re- 
action in a hydrogen bomb. But the research 
didn’t stop there. For 30 years, investigators have 
worked toward achieving controlled fusion re- 
actions in laboratory-scale machines designed to 
test the theory of producing enormous amounts 
of clean, fusion energy via fusion reactors. Such 
reactors may be producing power in the year 
2000, but in controlled thermonuclear research 
programs such as magnetic confinement and laser- 
fusion, many problems remain to be solved. 

Given these considerations, researchers at  
LASL, where the first atomic bomb was pro- 
duced and the first fusion reaction was obtained, 
are examining the obvious: the use of proven 
hydrogen weapon technology to provide fusion 
power and to contain and control it. 

T h e  concept has a title. T h e  program is called 
“Pacer.” 

Pacer is currently in the initial stage of in- 
vestigation and is viewed as a power system 
capable of meeting both short- and long-term 
energy needs. Its concept is simple, for the energy- 
source technology is proven. If fusion reactions, 
which release enormous amounts of energy, can 
be safely contained in an environmentally ac- 
ceptable manner, and the energy is extracted in 
the form of steam using standard power industry 
techniques, then fusion could probably be har- 
nessed for power within a decade. 

Because virtually all of .the basic fusion tech- 
nology required is well known and available 
now, fusion power conceivably could be supply- 
ing a portion of the nation’s energy needs long 
before the turn of the century. 

Two  similar Pacer systems are being considered 
at LASL. One system would supply only elec- 
trical power, while the other would supply elec- 
trical power and simultaneously would breed 
the materials used as fuel in nuclear fission re- 
actors. 
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lGthcr way, a I'acer systern would be installed 
undergroui~cl in a s d t  dornc o r  large rock cavity. 
I n  i t  ially, it sniall ilInount ol f~csional)lc miat (.rial, 
sucli as nran.itm-%3S, would bc iised as a fission 
trigger for tlicrmonnclcar devicc that iises 
deut crium ;is ~ t s  luel. I'ventually it is mticipaited 
that a lasci systctn might 1)c used for jgnir ion. 

I ) en~  cririm IMS hecn dcscribcd as  lie ultimate 
l'ucl. A heavy iso~opc 01 hytlrogcn, it can be cx 
tr,ictcrl Iroin water easily ant1 c Iicaply, lcaving; 
the watcr t~sscntially rtnchangcd lor o h r  Iises. 
A watcr flow oj lcsh than 30 gallons Ijer sccond 
would providc enough d c ~ 1 t  erium fuel Cor al l  ol 
the United State5' elcctr icd nwtLs today. 

A spccilit- vcicion of a l'accr systcni might in- 
50-kiloton t hcrmonnclcar cxplo- 

sions"in it snlt donie or rock ciivity 300 meters iri 
diarncter. X'lie int crvals 1)ctwcn explosions woiild 
dcpcnd o r 1  1 lie power lcvcl desired. One !io-kiloton 
explosion ( w r y  10 hours, or 900 cxplosiorrs ;t 
year, could opct ate a 2000-mepwat t-capacity 
powcr  plan^. 

A Pacer 1,rtxxlcr systenr, in addition to powcr- 

ing a 2000-nicgawatt-capacity powcr plant, could 
return 5 time4 the fissionable material used to 
trigger tlic thermonuclear explosions. When dcu- 
teriuin burns, arid a iusion reaction or thermo- 
nuclear burn occurs, a ilux ol" neutrons is pro- 
duccd. Tliese would interact with naturally 
occirrring isotopes, h u c h  ;IS 1x1 anium-238 and thor- 
ium 232, to ~)roducc plutonium-239 and uranium- 
235 tliat arc iiscd as iucl in nuclcar fission rc- 

Why use a salt dome cavity for a Pacer system? 
'l'hey arc known to bc r clatively impermcable 
and slablc. There arc also quite a lot of them 
in scvernl ai ens of thc country. Environmentally, 
they arc viewed a s  the bcst possiblc container for 
r e p t i t  ivc hydrogen explosions and are the easi- 
est in which to preparc a cavity. 

What 01 tlic economics of such a powcr systcrn? 
Indic at ions arc that rcasonilble cficiencies, com- 
parable with conventional powcr systems, could 
bc c7xpccted Irom a Pacer power system. How- 
ever, thc availability o f  dcrxterium and thc eco- 
nontic benefits ol a nuclcar fucl breeder system 

actors. 
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“Pacer is a concept 
whose t ime may have 

come. . . it could provide 
part of the solution to 

our immediate problem 
of power shortage.” 

would give Pacer a built-in economic advantage. 
Technology for transferring the heat of fusion 

explosions for use as power is available. Either 
carbon dioxide (CO,) or, more likely, super- 
heated steam, would be used as the working 
fluid, removing the heat from the cavity to pass 
through a heat exchanger system at the surface 
to power a turbine. 

Preliminary estimates with regard to operat- 
ing costs of a typical Pacer breeder system and a 
fission reactor are about the same. However, if 
fission materials can be recovered from the under- 
ground system and sold for use in fission re- 
actors, the revenue would amount to the same 
dollar figure as the cost of operating the system. 

In  addition to its other advantages, a Pacer 
system may dismiss the specter of diminishing 
supplies of the raw materials needed for the 
nuclear power industry. Experts predict we will 
run out of these within a century unless a 
breeder system is used. Pacer proponents say 
this breeder system could increase the nation’s 
current stockpile of uranium-235, for instance, 
by a factor of 500, if the material produced can 
be recovered. 

Pacer is a concept whose time may have come 
It  is an intriguing concept. Used in conjunction 
with a traditional electrical power plant, it could 
provide part of the solution to our immediate 
problem of power shortage. Married to a nuclear 
reactor system, it could extend its productivity. 
In the long run, its supporters believe, it has no 
competitor as the principal (and earliest avail- 
able) source of cheap, clean, and endless amounts 
of energy. 

LASL Director Harold Agnew says of Pacer: 
“Public acceptance is perhaps the one factor 
that has held back the concept of using weapons 
technology to provide relief from our energy 
crisis. I find it hard to understand why funding 
for fusion research is essentially inversely pro- 
portional to the degree of technical progress 
that has been made to date. The  technology for 
obtaining fusion in hydrogen bombs exists, but 
the engineering development to put this energy 
to work for us has not been funded.” 

In  the wake of our unparalleled energy crisis, 
the public has become increasingly concerned, 
sophisticated, and knowledgeable about energy 
and the alternatives to shrinking and expensive 
supplies of oil, coal, and gas. Only the future 
will determine if Pacer becomes a household 
word attractively synonymous with clean, cheap 
power. & 
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THE ROCKY MOUNTAIN REGION 
The Nation 3 Energy Breadbasket? 

From the first days of the Manhattan Engi- 
neer District, challenges have been the Los 
Alamos Scientific Laboratory’s business. Today, 
LASL faces a new kind of challenge every bit as 
demanding as those faced in the past: under- 
standing the present and projecting alternate fu- 
tures in energy development for the 8 states of 
the Rocky Mountain region. 

T h e  8 states occupy 26 per cent of the area of 
the contiguous states, on which live but 4 per 
cent of the country’s population. And the region 
contains over 50 per cent of the nation’s coal and 
oil shale reserves and 95 per cent of its uranium 
ore. 

It is with the utilization of the region’s immense 
energy resources that LASL will be fundamentally 
concerned: coal, oil shale, natural gas, uranium, 
and, to a lesser extent, with petroleum, hydro- 
electric, peat, geothermal, and solar. 

Rut energy resource utilization is inextricably 
linked with so many other factors that only ad- 
vanced mathematics and computer technology 
can cope with the total picture-hence LASL’s 
involvement. Among the factors, each of which 
contains a huge number of variables and un- 
knowns, are: 

-the impact of energy resources development 
on the local ecosystems, and by extension, to the 
ecosystems of much larger surrounding areas. 

-the costs in water-the one resource with 
which the Rocky Mountain region is not 
abundantly endowed. Water in vast amounts is 
necessary for most processes that extract fuels on 
a large scale. 

-the impact of energy development on people. 

Energy development projects now on the drawing 
boards will require totally new cities to be built 
on now desolate land. Who will pay for schools, 
roads, services? What will be the environmental 
consequences and will they be acceptable? 

Ultimately, it may be the “people” factors that 
will prove the most subtle, complex, and un- 
predictable. What will be the social impacts of 
rapid urbanization and industrialization on pre- 
dominantly agricultural and grazing economies? 

Will some kind of regional chauvinism emerge 
as heavily populated, highly industrialized, but  
energy-poor urban areas seek to tap the resources 
of the Rocky Mountain states? O r  will inter- 
regional cooperation and our political processes 
lead to fairly distributed benefits for all? 

Opposing interests are important factors, such 
as environmentalists versus those who would wish 
to develop energy, housing, and industry. T h e  
demands of the cities-within and without the 
Rocky Mountain region-may conflict with the 
interests of agriculture. And always there are 
the interactions, political and otherwise, among 
the states themselves from the governors down 
to the alcaldes of small Spanish towns, with many 
layers of government agencies in between. 

It is not LASL’s role to plan development 
and make decisions. But as the entity that col- 
lects and analyzes information, applies scientific 
expertise in matters such as ecological effects and 
computer modelling, and provides objective 
appraisals and recommendations, LASL cannot 
help but become aware of and, willingly or not, _ .  
involved in some of these intricacies. 

And it is perhaps a healthy thing that 
does. From its inception, LASL has been 

LASL 
orien- 
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ta1ed iowanl scxctri ifit. problem ol national 
(on(  ern,  ;mi tlic view ha, bccn toivards 
Wdshinglon, I ) ,< : .  Now a ricw grnssroo~!; 
dinleiision in 1 ASl , ’ s  pcrspc( I ivcs is 1)cini; 
introcluccd. N o  longer will l)l,icc r u m c . s  liltc 
Ili;t\vatllii, 1Jiii11; R(>I kincc, Wy011111ig; i d  

Axial, Color atlo Wiavc meaning orily to I t ic 

occaGoiial 1,ASL cmploycc tmvclling 011 

vacat ion. ‘Tlic~sc~ li,tppcn i o  be cotmnuiiitic>b 
virittitlly siti in!; 0 1 1  to]) of iniriicnse n,ii rar;tl 
remu r( es. Ancl 111 tur n, I ,AS1 , m r y  ~ o i i i e  io 
m c ~ m  soiiietliing rriorr to t l i c  L<a~,qiic 
sliecylierdrr in Ncvnrla, tlic S1)aiiisIr s1)mItirig 
I , r r m c ~  in Northcrn New Nlexic (1, a11d t tic 
%uni  silversmith in A r i i o n a  tlian tlic 
remote arid gu;irtlc*d 1)lacc 1 1  om wliicli so 
many marvels 0 1  tlic. nu(  Ic,tr age 11;ivc 
cmcr g,ccI. 

data base. U.S. ceiisus reports and 

soiirc cs will he used lor assembling 
irilor mat ion on population and its 

clisti i1)iiiion by ag”, skills, ethnic origins, 
and a nurn1)cr ol other cliaracteristics. 
In acyiiiring pliysical data, aerial and 
satcll ii c photograpliy are among tlie 

tccliiiiqucs that will be used. Principally 
i cspoinsil)lc lor iliis work arc Kuss I<idman, 

T-2, ;ind i k l i  Wilcy, C-4. 
Oncc ;I data  tlasc is established, action 

l q i n s  oii tlic second part ol tlic program: 
inoclclling. I Icre, I,A§L’s computer 

knorv-how and iacilities conie into play. 
Risks, ( om, and benefits 01 huge projects 
with 21 gre‘it many interacting factors can 
t x  csl imatetl tlirorigli modelling, such as 

establishing a ~ 0 ; i I  gasifi~ation coi1iplcx in 
Colorado’s §an .Juan ikisin. As an cxamplc, 

cucli a ~omplcx  rvorild consume 72,000 
acie-lcct oi watc’r per ycar. What will be 

tlic impat ts? Will costs-financial, 
cnviroiirncntal, arid otherwise- justify 

the benefits? 
i’r in( ipally involved in modclling of 

tliis type arc Roil 1 ,ollrcIing, Milic McKay, 
L x r y  151 uclincr (a11 C:-5), Tom Springer 

( 1 4 : - 4 ) ,  and Uill 1Scyer (T-7). 
‘Tlic people ol the Roclty Mountain 

Rcgioii Ii,ivc be< omc acutcly awdrc o f  
tlic Y egion’s cnvironnient, charactcri/ed 

by large rvilderness areas ol 
spet.tacul;w beauty. ‘l’hose responsible 

for iip1>roving cncrgy resource 
tlevelopnient want to ltnow the 

111 ohable cilct IS ol such dcvelopmciit 
bclorc giving the devclopers tlic 

go-ahead. 
I.AS1,’s lJ-Divisioii, wit11 i t 5  ongoing 

ext cnsive rescarcli in hiometlicinc 
ant1 ecology, i c  ideally cyuipprl  to 

provide tlic answers. This  third part 
ot the program will be liandled as 

;I Iulliirnc asqignment by Alan 
Si c)kcr, 11-8. Among other 

1-esponsil)ilil ics, Stoker will 
pay ticipatc in modclling wholc- 

systems processes to determine 
thc charactcrist ics and  

quaiitii ies of byproducts 
and their impact npon 

the environmcnt. 

A 4-Part Program 
‘I ’I I c 1, AS l j l  )I oy, r m i ,  i i I 1 c ~ f  “ l h ~ g  ional 

Ihiei ,r;y Asscss~~icrit l’rog~arn,’’ is liiiiclccl 
hy t lie Division of ISionlcdical ;md 
1‘:nvi roniiiciit a1 I3 csc;~i-( 11 (I>UJl # Z )  ol the 
U.S. Kincrgy Rcccarcli antl 1 ) c w l o p i n c ~ r r t  
Ailmiiii~tratioii (F,l<l)A) t o  srrvc the IZocky 
1Vlonntaiii stat c b :  Arirona, Coloratlo, 
ltlalio, Montnna, N c v ~ ; ~ ,  Nctv 
lV1rxi~0, CJiali, cirid Wyoming. L A S I ,  
will he rlcaling wiih it 1iiiml)c.r of stiitc 
cxecuiivc antl planning ofliccs, citirciis’ 
g~‘oiips,  intlusi I ics, m c l  st‘itc, t cgional, 
;ind Ictleral agt>iicics. 

Ilccausc tile ]>I 0gl“;llrl clocstr’t fit 
neatly into ai iy  singlc division or 
group, a5 do t t i o 5 t  physical I cwrircIi 
pi ograms, LA!;T has asscni1)lcd ;I task 
lorcc tlml culs ;it.ro$s orgai~ir,ition-cli;lrt 
lines. lrivolverl ;tic pc.i-wnircl Irorn 
C:-l)ivision (( :or11 p r i t  cr Scrviccs), 
Ii:-X)iviiion (lllrt i ronics 
liisti iimcniation), 1 I-IXvib io11 
(Ilcitlili  R c , s c ~ ~ i (  II), (2 Division 
( F,ncrgy), 7’-I)ivi$ion (‘rheolet ical), 
1 Dllivision (‘I Iicoi ctical k,igi1),  
alld thc Il‘nergy OlIiC c. 

Q-I)Ol’, cxphiris thc piogram 
:is consist iiig of 4 parts: 

First, tlirre is tlic 
rather Eoi niitlnl~lc t a &  

r l  

Projcct rn;riiagci I)ic 1~ Malenlant, 



Frequent meetings are an essential ingredient 
of the Rocky Mountain Regional Assessment 

Program, and have already begun. Here 
Jim Sawyer, representing Resources for 
the Future, Inc., research firm, discusses 

alternative uses of fossil fuels with a group 
of 30 attending a regional studies work- 

shop on Jan. 9-10 at LASL. Among the 
participants: Randy Newton, Division of 
Biomedical and Environmental Research 
and Development Administration, Allen 

Kneese, University of New Mexico resource 
economist, LASL’s Dick Taschek, 

associate director for research, and Don 
Kerr, assistant for research. 

the program coordinated and maintaining liai- 
son with the numerous agencies and offices in- 
volved is the fourth part of the program and is 
one of greater prominence than in the usual 
LASL research program. Responsible for this are 
Dick Vogel and Steve Merlan (TD-7) and the 
staff in Q-DOT. 

In  addition to working with the various states 
and agencies of the Rocky Mountain Region, 
LASL will cooperate with other regions and 
other laboratories. For instance, Lawrence Liver- 
more Laboratory in California is serving the 
Pacific Coast Region in a similar capacity, and 
other laboratories will serve other regions. Some 
of the means of interregional and interlaboratory 
cooperation are the creating of common formats 
for the data base, modelling, and reports and 
recommendations, and for sharing facilities and 
know-how as appropriate. 

It’s all part of the DBERs overall national plan 
for the orderly development of our  nation’s 
resources with acceptable environmental impacts 
and maximum societal benefits. 

Challenges We Will Face 
Business Week magazine, in a perceptive article 

on energy development in the Rocky Mountain 
Region, speculates that the region will become 
the U.S.’s energy breadbasket and predicts that 
energy companies will spend $5 billion by 1980 
in Colorado, Wyoming, and New Mexico alone. 
The preponderant investment will be in coal and 
coal gasification. T h e  Four Corners area, but 130 
miles from Los Alamos and already the site of 
the nation’s largest coal stripmine, is archtypical 
of the problems presented by energy develop- 
ment on a mammoth scale. 

T h e  Western Gasification Company and the 
El Paso Natural Gas Company are projecting a 
$1 15 million community on or near the desolate 
land of the Navajo Reservation that would ac- 
commodate 32,QOO persons in 10 years, and would 
grow to a city larger than Santa Fe by the year 
2000. T h e  societal problems appear formidable, 
especially if the familiar “boom town” syndrome 
emerges. A policy on water use is desperately 
needed: recycling slurry-line water or trading 
New Mexico energy for California’s allotment of 
water from the Colorado River are among the 
suggested solutions. 

In  Western Colorado, Colony Development 
Operation is considering a new community on 
Battlement Mesa near its proposed oil shale 
development to accommodate more than half of 
its own employees. And in Wyoming’s Powder 
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Berauje oil shale and coal w e  of pcirticwlur interest to LASL investigators involved in the 
Roc ky Mountain R(gioriul Energy Assessrnent Program, Dick Malenfant, Q-DOT, Dick Vogel 
ant1 Steve Merlan, CD 7, atid Ron Lohrding, C 5, pose with samples of the materitrls on a glass 
table to crnphasize the point. Thc Rocky Mountain Region contains over 50 per cent of the 
ncuiion’s coal and oil rhalc rcwrves. The sample of oil shale, left, contains about a pint of 
poiroleurn. 



geothermal update 

Mort Smith, Q-22 group leader, puts on a 
little pressure of his own during frequent calls 
to the Fenton Hill geothermal site. 

PUTTING ON THE PRESSURE 

Somewhere almost 2 miles below 
the surface of the rim of Los 
Alamos’ own “backyard” volcano, 
the Jemez Caldera, LASL will put 
on the pressure sometime this 
month. If all goes well, LASL‘s geo- 
thermal program will have passed 
another milestone. 

Despite some moments of dis- 
couragement, and a few of near 
panic (such as when almost a mile 
of pipe was dropped down the 
hole), drilling at LASL‘s Fenton 
Hill geothermal site was success- 
fully completed in December when 
the drilling crew engaged by Q-22 
(geothermal energy) found tempera- 
tures of almost 200’ Celsius at  a 
depth of just under 2 miles. The 
drilling rig has departed; Q-22 
stands ready to attempt the next 
critical step of its program: fractur- 
ing. 

To accomplish this, 9 2 2  will 
pump water at 2,500 or more 
pounds per square inch into a 40- 

to 60-foot section of uncascd “raw” 
rock at the bottom of the hole. 
Hopefully, this pressure will frac- 
ture the surrounding granite in a 
more or less predictable pattern 
within a vertical region extending 
outward to 1,500 feet. 

Some 600 feet of steel casing will 
protect the rock above the fracture 
point at the bottom of the hole. 
Then, that casing will be perforat- 
ed and a second fracturing will be 
attempted about 300 feet above the 
first. This second fracturing, 52-22 
hopes, will produce cracks connect- 
ing to those formed by the first, 
creating a loop through which 
water can be circulated. 

Based on an earlier test at a lesser 
depth where ’700-foot cracks were 
successfully produced, Mort Smith, 
(2-22 group leader, believes that 
fracturing at the greater depth will 
be successful and that water pres- 
sure alone, if sustained, may be 
sufficient to keep the cracks open. 

This would allow adequate circu- 
lation to draw off the heat trapped 
in the underground rock and bring 
it to the surface. 

But if not, several remedies may 
be applied. One is to add sodium 
carbonate to the circulating water 
in an attempt to dissolve some of 
the silica of which granite is 
formed. Another is to force gravel 
of suitable size into the cracks, 
permanently wedging them open. 
This operation would entail a pen- 
alty in increased flow resistance 
and its application would be d m e  
judiciously. 

By whatever means, the net result 
should be the world’s first under- 
ground hot, dry geothermal test 
bed by this spring. 

Power Now? 
Will this test bed become the 

“boiler” for a pilot power plant at 
the surface? Smith says it could, 
but prefers that it wouldn’t. 

“Ideally, we will move to another 
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silc in tlic viciiiily aiid di ill 2 inom 
liolc~ lor tlcmoiislrating hedl cx- 
t r  ‘t( tiori, Iwcpirig our prcwnt Fen- 
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high temperatures encountered in 
geothermal drilling. The  cylindri- 
cal packer is lowered to the desired 
portion of the hole, pressure of 800 
or more pounds per square inch is 
applied, impressing the rubber on 
the walls of the hole, and the 
cylinder is withdrawn with a bas- 
relief picture of the rock formation. 

Better means of knowing just 
what is going on deep underground 
are being devised. At the surface, 
seismic recorders, no matter how 
sensitive, do not record much of 
the very weak signal generated by 
fracturing. But Q-22 may find that 
seismographs deep in the hole, 
combined with those on the sur- 
face, will provide more adequate 
measurements. Different rock has 
different electrical resistivity, which 
also changes with pressure. In co- 
operation with the University of 
New Mexico, Q-22 is experimenting 
with instruments to pass current 
through thousands of feet of rock; 
variations while fracturing may 
yield useful data. 

Where to Now? 
As The Atom goes to press, un- 

usually severe winter weather has 
stalled fracturing, but by the time 
you read this, (4-22 may have ac- 
complished it. Assuming success, 
Q-22 may then attempt to develop 
a circulatory system within the 
hole. Extensive testing would be 
conducted this spring and summer. 

Later this year, another pair of 
holes would be drilled nearby. In 
1977, an experimental facility 
would be built at the wellheads- 
the world’s first dry geothermal 
energy extraction system. 

In  the meantime, results to date 
have been sufficiently encouraging 
for geologists, physicists, engineers, 
and others with a stake in geo- 
thermal energy to plan a national 
meeting this spring to consider 
ways to survey and tap dry geo- 
thermal resources throughout the 
country. In the East, an area of 
less recent volcanic activity, deeper, 
more expensive drilling may be 
necessary to reach adequate tem- 
peratures. Or, more logically, tech- 

* &  
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The drilling rig has departed, but the snow that has slowed 
fracturing experiments remains at LASL’s Fenton Hill geo- 
thermal site. Hydraulic pressure will be used to fracture rock 
in an attempt to produce a circulatory loop in hot, dry rock. 

nology may be developed to use contains enough heat to supply all 
lower-temperature heat, such as of the United States’ energy needs 
the use of isobutane or Freon that for a week. Potential like this 
operate on lower-temperature l i q  exists, LASL scientists believe, in 
uid-vapor cycles. many other regions of the country. 

But in the West, an area of much Realizing even a fraction of this 
niore recent volcanic activity, potential could make a substantial 
LASL‘s methods, now under devel- contribution to America’s energy 
opment at Fenton Hill, may show 
the way for future commercial geo- And that is why putting on 
thermal power plants. the pressure at Fenton Hill this 

LASL geothermal scientists esti- month is a turning point that will 
mate that just a cubic mile of. rock be watched with more than passing 
in the vicinity of the bottom of interest by geothermal researchers 
the present Fenton Hill well around the nation. 

resources. 
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Is the i r  wrnctliing wiorig with thc sun, the 
tlrcoi y 01 solai iicnt ririos, or t hc nieasurcmriit 
ruct liocls? Raymond Davis nnd John Evans, 
lir ool,li,ivcn N,it ional L,al)oratoiy pliysicifts, arc 
1)iirrlcd that a1 tci scvcrA years t heir tiinks 01 
cx-bon pcrclilol-ctliylcnc clcep in  a Soritli Ilitltota 
gold mine liavc detected virtually nom o€ the 
niasrlw,, ( Iiargclefs part i c  lcc p i  esuinably ernanat- 
irig 1 ro rn  tlic sun arid rt I eaming through the 
cartli. 

CII(Y Itiiig the ~nc,isuieinciit iiictliocls is tlic first 
~ t c p  in  tincling what’s wrong. With the afsistance 
of Stcwart Mcyer, No1 tlirvestcrri ‘Ilnivcrsity arid 
the National Yc irncc louiidation, a tank con- 
t‘iining ( arl)on p ~ r ~ l i l o r ~ t l i y l c n ~  antl ariotlier con- 
taining calcium nitrate havc Ixen iristallctl at the 
X)c;t~ri :,top ol tlic LAMPli ac cclcrator. While 
LAMPIC i5 inopci ativc lor maintenance and up- 
grading until J u l y  I ,  tlic tank? will 11c used to 
t~iensurc iicutron and (osmic i n y  1)ac kgronncls. 
Wlieri tlir 1)carn betonies operntivc, its known 
neutrino prodiiction ivil I ciial)lc tlic investigators 
i o  n i~a :~ure  extremely siiiall ncutr ino cross sect ions 
; t i id  t heck t h e  iieiiti iiio -1 ( Iilorine-37 + argon-37 

on rc,i( t ion njmi  wliic 11 the detection 
systcni i5  hsccl. 

LVliy solar i i ( ~ i t 1  inos Iiavc~ not becn detccted in 
anywhci c nc;ii tlie cluarilitics I 1iat thcory predicts 
i\ a qucrtion 01 (lecpcst con( ern in  ;istrophysics 
totlay. [Iopciully, lL,ASI ,’s cooprat ion will lead 
to sonic answcri. @ 

I i s t r  icvirig illloinintion on riuclcar antl cncrgy 
ui.l,itcd suhjct t s  l iar  I)ccii sl)ccdcd up tine to a 
1UCON station ic tcnt ly  iiirtallcd ;it tlic Main 
I i b i  ‘ii y. ‘IJic ~t~itioii-alorig witli 32 others like 
it around tlic country- (onnectc to an IISRil SS0/75 
cornj,irtci ,ii tlic llolilicltl Nat ionnl 1,aImratoiy 
a~ 0 , t l c  Kitlgc, ‘1 cnn. Kcwniclici i can olitain in- 
Iorrmt ion 1 1  o n i  hundr edc of tliousandr, or bio- 
gr,iljlii( rc.lcrcticcs I)y viewing iliem on  a catliode- 
iny t u l w  display oi on 1)rintouts. 

& 
Ret irmicnts: Robert 0. Whitson, S19-l)0,  its- 

s i s t m (  clcp,n tiiient Iicnd; Gilbert 1’. Apprill, E-1, 
jnstirrineiii lec Iiiiic iaii s ~ i p c ~  visor; lllugh J.  Gay, 
SI) 5, 1,il)oiatory machinist; John E. Lrrndgrcn, 
(:MI% I I ,  stall ~iicnibcr;  Horarc Noyes, SI’-DO, 
t I ;tfic rnnnagcr; l’lielma It;. N ortlirmp, RO-2, 
scnjoi ,iccoiiiiting (lei k. 

4% 
I)c;tt lis, Clarence F. L , o p ,  1-7, di,d tsmm; 

Cl1arlc.s <:remer, T D Z ,  group lcatlcr; Xavier 
1 ,ovato, (3 1: 4, electionics tcclinici;in; Robert 
f;- TM;irtiiiu, CNI 15-14, drcontaminator. 



LASL’s 
Minicomputer Ambassadors 

D o  you have laboratory equip- 
ment ;hat could be betier con- 
trolled or data collected and ana- 
lyzed from it by a minicomputer? 

If so, maybe you should call for 
one of LASL’s minicomputer am- 
bassadors. 

These men of Group E-5 (mini- 
computer systems) have know-how, 
will travel. Their specialty is 
meshing a comprehension of your 
needs with their expertise in con- 
temporary minicomputer hardware 
and software. Some virtually “live” 
with the Laboratory groups to 
whose projects they’ve been as- 
signed for extended periods of 
time. 

And they’ll service what they sell. 
Group E-5 has a maintenance sec- 
tion to keep their systems-all more 
or less .custom-tailored to specific 

needs-“go”. There’s no limit on 
their warranties. 

Group E-5 was formed only last 
summer, but now numbers 31 
people, many of whom are senior 
specialists with 10 or more years of 
minicomputer experience. “For this 
kind of work where our people face 
completely new requirements from 
one job to the next, we place a 
premium on experience,” Dale Van 
Buren, E-5 group leader, explains. 
And he adds that an important by- 
product of this policy is that it 
fosters continuing professional de- 
velopment. “After acquiring ex- 
tensive experience, a minicomputer 
expert often feels a bit restricted 
if he can apply but a portion of 
his know-how in a specialized job. 
Our people like the variety of 
challenges that come their way,” 

Van Buren adds. 
Minicomputer-system engineer- 

ing is predicated heavily upon the 
modular concept, each module in a 
system being a rectangular box, per- 
haps 4 inches thick and 1 to 2 feet 
in length and breadth. Modules fit 
into standard racks; various mod- 
ules in differing arrangements with 
appropriate interfaces and con- 
trollers can be assembled for almost 
infinite applications. 

And Group E-5 is already deeply 
involved in the next generation of 
computers: microcomputers, a sub- 
stantial step down in size. Group 
E-5 has designed prototype modules 
which are now being built and 
tested. A functional microcomputer 
can be assembled on a card merely 
4 by 6 inches, yet has approximately 
the same capability as the discon- 
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Bob Abernrrthcy, CMB-1, arid Jay Wooton, Van Buren, Dwight Stephenson, and Katie 
E-5, ealibi aka a minieomputer-controlled AVCO Greiner, all ‘2-5, and Steve Hodson, CMB-11, 
niass spectromeicr for e.huracterizirig radio- discuss induslrial controller system for the 501 
active malet itrl. plutonium haridling line a t  DP West. 

Micros Vs. tlre Shock Wave 
As D w i g h t  !i1cphciison, K-5 senior 

clcsigncr cotisiillaiit, cxplains it, 
“ Miri~conii,rliers, much more so 
t l i d i i  [nitros, icly 0 1 1  corc memories. 
Cor(* rn( ’ i i i oy  ics arc lint. lor most 
‘1 pplications, b ~ r t  when ex1 raiicom 
s ig~ia ls  r ~ i c  in11 oduccd, or trmsicnt 
cIc( lrical clisl rwlxinces oc( iir, the 
1)roy,rarri in  ;t corc rrieniory tan be 
cr.isctl. 

“No t  so witli the I’rograminablc 
Itcad O n l y  Aknrory (PROM) wc 
115c to slorc programs roor inicro- 
coiriprircrs. I k ~ r i c i t y  or inagrictism 
can’t c.1 a x  thcni. Only ultraviolet 
i ; idiatiori  c i in  do tliat-il takes it 
~irbst~iirtial closc. IC yoir lrlt a 
I~ROR/I iii wiiliglit it woirltl take 
5 to I O  ye;us to wilie out its 
Irlcllll ,ry. 

“M%cri we w c ~ c  asked to clcsign 

an improved transient data record- 
ing system foi use in a slcicl shack 
iicdi growid Lero during undcr- 
giound tests at  thc Nevada l‘cst 
Sitc, wc naturnlly thought of rnicro- 
toniprrtcrs. Ikioic  the tcst, cx- 
(rmcous signals can be gcncratcd 
as tlownbolc in\trunicntaiion is 
corincctcd and tcsied. And aftcr the 
shot, the shock wavc and electro- 
magnetic ~mlsc can disrupt or cut 
off powcr, downholr lines can bc 
shorted, m d  all sort5 of clcctrical 
clistrir bancm can orrur. Tlic PROM 
gives us insurancc that the program 
won’t bc lost whcn thesc things 

l h i n g  a test, tlic sysicm scans 
various data-c ollcction stations, re- 
(oids, cransmity, and slorcs daia as 
it is iecc.ivcd during thc shot, and 
sliiits itsell off just prior to the 

happcn.” 



A PROM is not only compact, but extremely durable. The 
program stored in the memory unit i s  unaffected by mag- 
netic and electrical influences, can be erased only by 
intense ultraviolet radiation. 

Dale Van Buren, E-5 group leader, inserts a PROM 
(Programmable Read-only Memory) into a console pro- 
grammer. Below, Jerry Longmire, E-2, tests a prototype 
microprocessor being developed by E-5 for the group’s 
electronic stock as designer AI Criscuolo, E-5, watches. 

arrival of the shock wave about 
7/10 of a second later. 

The new microcomputer system 
also speeds up data analysis by 
eliminating the previous procedure 
of photographing visual computer 
displays at the shot site. Now data 
is processed at Central Control and 
can be viewed immediately after a 
shot, either as a visual display or 
as a printout. 

In future systems now being de- 
signed to transmit more data, even 
greater reliance may be placed on 
stored rather than transmitted data. 
“The limiting factor is not the 
microcomputer, but the ability of 
microwave systems to carry data,” 
Stephenson says. 

Suspicious Twins 
At LASL’s new $70 million plu- 

tonium facility now under con- 
struction, Group E-5 is working out 
the details of one of the world‘s 
more sophisticated remote multi- 
plex systems. Unlike the NTS sys- 
tem, the installation in the pluton- 
ium facility relies on minicom- 
puters rather than microcomputers. 

“In many respects, micros are the 
wave of the future,” Stephenson 
explains. “Yet, minis still have 
greater capacity, and that’s what 
we wanted for the new plutonium 
facility. There we don’t face the 
severe conditions present at the 
N T S .  And we use a photo-isolator, 
or light transmittal system, from 
the plant sensors to the minicom- 
puter’s core memory, to assure that 
electrical influences can never erase 
the programs.” 

Among major design require- 
ments was the use of a minimum 
amount of coppcr wire. As it is, the 
new building will incorporate ap- 
proximately 25 miles of it for its 
remote multiplex system. Without 
employing the multiplex concept, 
and with a pair of lines connecting 
some 2,600 points to the central 
control unit, that amount would 
have been about 200 miles, or an 
additional $65,000 for copper wire 
and its installation. 

A multiplex syslcm utilizes field 
multiplexers, or substations, to 



Ron f<osul, E-5, changes wires Oh CI PDP-95 computer system 
as I-retJ Gilliland, E-5, calls out wire locations. Having an 
in-tiousc innintenance capability saves LASL an estimated 
40 pt?r cent in service G O S ~ S .  

cquipnicnc to keep o i r i  pnrts list 
11 oni niouritiiig sky high. Wr rcally 
hitvcn’t got t h v  amwcr ~ C I ,  brrt 
we’re working on it.” 

1 % ~  per lorming iriaintcnaricc in 
Iiouse rather than relying upon 
\ecntloi.;--cxccpI lor that typc of 
wi vice covcicd undcr manrilactur- 
e1 ’r’ w‘ii ranties- Gilliland estimates 
that the 1 A m i  atory saves about 40 
1m cciit on service costs. 

Among Llir I)cnclit\ 01 in-house 
~n,iiii~cnaiicc i q  ii management iii- 
Ioiiri,ttiai system io  Jerd back data 
on p a t s  pci 1 orinaiice and problcms 
IO 111e I~ianulac turers to assist tliein 
in  protluc t impiovcineiit and ncw 

As a n  cxmiplc, Gilliland and his 
I H o d u c  t dcvclo~3illcnt. 
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section deaI with at least one exotic 
problem that arises in Los Alamos, 
but in few other places: altitude. 
“Because of our altitude, high- 
voltage arc-overs forming coronas 
will occur between some exposed 
terminals that won’t occur at lower 
altitudes. We have to check this out 
when we buy certain parts. If manu- 
facturers take this factor into con- 
sideration at the design stage, i t  
would be helpful for both of us.” 

New Emphasis on Software 
A universal trend in computer 

systems design-maxi, mini, or 
micro-is for equipment costs to 
decline while the cost of software, 
that is, of writing programs in 
appropriate languages, increases. In  
1965, approximately 80 per cent of a 
computer system’s cost was for hard- 
ware, 20 per cent for software. To- 
day, the ratio is reversed, reflecting 
both a radical decline in equipment 
costs, especially for the minis and 
micros, and a rapidly proliferating 
variety of intricate programs to take 
full advantage of the hardware’s in- 
creasing sophistication and versa- 
tility. 

To cope with software costs, an 
8-person section of Group E-5 is 
creating a program library, stan- 
dardizing programs with a wide 
range of potential applications, and 
utilizing higher level languages. 
Sortware development has reached 
the stage where the minicomputer 
experts are turning to minicom- 
puters themselves to assist in pro- 
gram writing. 

Yet there remains one realm that 
does not appear amenable to mini- 
computer usage: cost estimating. 
“We just do like everyone else-sit 
down and estimate the man-hours 
involved, total an amount for 
hardware, do a little intelligent 
guessing about the uncertainties 
we’re likely to encounter, and come 
up  with a figure that’s in the ball- 
park,” Van Buren admits. 

It appears that until a new devel- 
opment in mini- or microcomputers 
comes along, at least for some 
chores, the oldest computer of all 
will have to suffice: the human 
brain. 
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10 
years ago in 10s alamos 

ulled from the January and February, 1964, files of The Atom and the 10s 
Alamos Monitor by Robert Y. Porton 

,ASL Bit Melts Through Earth 
A LASL-developed drilling bit, which melts its way through 

did rock, may be the answer for making holes in the earth to 
epths impossible by conventional drilling methods. T h e  bit is 
l e  outgrowth of an academic discussion by members of Group 
:MF-4 about geophysics. In  experiments here, a P-inch diameter 
it, heated electrically to 1,200 degrees Celsius, drilled through 
asalt a t  the rate of 50 feet per day. 

Jew Homes 
A year-end tally by the AEC of privately-owned houses con- 

:rutted in Los Alamos County to date under AEC land-sale pro- 
rams, shows that 259 residences have been completed by individual 
wners on Barranca Mesa. Some 195 homes have been built a t  White 
Lock and Pajarito Acres. 
ASL Accelerators Set Record 

LASL physicists have achieved the highest particle energies 
ver obtained with electrostatic accelerators by hooking two Van 
e Graaff machines together in a series. T h e  new record of 25.4 
.lev (million electron volts) was reached after only several days 
f testing with the older vertical unit in series with the recently 
istalled Tandem Van de Graaff. 
tate’s Lawmakers Visit Los Alamos 

New Mexico’s lawrnakers--85 members of the State Legisla- 
ure-visited Los Alamos this week. For many members of the 
roup it was their first look at  the Atomic City. T h e  visit was hosted 
ty the Laboratory, the AEC, Los Alamos County and the Chamber 
f Commerce. 
lupermarket Ad 

This  week’s specials at a local food store include: Sugar- 
0 lbs. 99c; Chuck Roast-45c lb.; Hams-49c lb.; Ice Cream- 
9c 1/2 gal.; Coffee-6% lb. 
LEC Award 

George Cowan, J-11 group leader, was named a 1965 winner of 
he E. 0. Lawrence Memorial Award. T h e  award by the Atomic 
Znergy Commission is made annually to selected scientists for 
meritorious contributions in the field of atomic energy.” Theodore 
raylor, a former LASL staff member, is another recipient of this 
ear’s award. 



Protective Force Inspectors at e nut rieriiiiirlly this 
r!emotistrtrtive while in uitiform, but c u i  cxception 
i 5  loretla s t i d  Margarito Martinez. LoreiIa Mcrr- 
tiiiez i s  thc Pro Forcc's iir.!t woimin inspeciur to hi? 
trssigiied to rlctive duty iii t h c  ficltl, mid the t v w  
are the first tnarried conp~le to serve' togt?thet (311 

the sclttic wcurity force at LASL, i f  not tlit: nation. 
1 he Pro Force licrs 3 cithct wnmctti inspector; 
qualified For fielcl assigrimimi. 

This photomicrograph (the original i s  in color) i s  a 
tloul~le winner for Julie Grilly, H-DO. After win- 
riitry 3rd place for "color on the iob" at  tlte 
liidustrial Photogrupher:. of the Southwest com- 
fretifion last summer, i t  wus sent to New York 
City where i t  won honoictblt. rlicntion ut the 44th 
hiinual Meeting of the Biological Photographic 
Association. Magnification of a crystallized organic 
coinpound, using polari red light, was 720 times. 

I.nboraioi y's Lorrstructioii booili Lotiiiiium. At UHF!, L-Division's t iew $4.7 million luser fusion laboratory at Ten 
proceed!, ti111 just on, hut ahcud of diedwle as w o r k  is now 28 pet cent eoinplcte coinpared to the 21.7 per cent 

planned CIS O F  iriid-January. Structurul completion is butgetid for October. Structural work of the new $90 niillion 
plutonium processing Facility crt TA-55, right, ir, well ciloiig wi hi c.ompletion scheduled for early July. 



t ii 

Pretty Starr Caswell, a 9th grade 
Pueblo Junior High ,School student, models 
for ISD-1 photographer, Bill Jack 
Rodgers. 

Whoops! 

Gallantly, Starr brushes herself off 
and continues with poise, 

Rodgers' assignment was to take a 
picture that would remind Los Alamos 
residents of their abundant winter re- 
creational opportunities ut the Pajarito 
Mountain ski area and the community 
ice skating rink in Los Alamos Canyon. 
Unfortunately, the ice skating rink i s  
shaded by the canyon walls; the 
sparkling sunlight Rodgers sought was 
at Ashley Pond. Since ice skating is not 
allowed at Ashley Pond, Rodgers had to 
both obtain special permission and clear 
snow off a patch of ice. Events proved 
that Rodgers is a better photographer 
than shoveller; the snow he left behind 
was enough to trip Starr in her demon- 
strations. 

Nevertheless, it's results that count and 
the point is made. Enjoy one of Los 
Alamos' finest seasons of winter sports 
while you may. 


